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LThe reactions described by the authors can be used for the concentras ..
tion of deuterium and of radioactive isotopes. While the investigstion '
has a purely theoretical character, a possible or potential connection
with work in the field of nuclear energy mey be assumed from this view-
polnt. Tables are appended./

Numerous investigations of the isotopic exchange reactions of hydrogen, con-
© ducted with the ald of deuterium, have given extremely interesting results rela-
. tive to the stability and reactivity of the bonds of various elements with hydro-~

gen. .

. ‘The- exchange of hydrogen atams with heavy water and other donors of deuterium
- proceeds easily and quickly in the case of hydrogen compoundﬂ of elements of the
fifth, sixth, and seventh groups of the periodic system. The transition to hydro-
gen compounds of elements of the fourth group is associated with a sharp decrease
p in the mobility of hydrogen.

A. I. Brodskiy (1) explains this drop by the fact that in the case of hydxro-

gen compounds of elements of the fifth to seventh groups, the atoms possess free

. electron pairs which are absent in hydrogen compounds of elements of the fourth

} group. This explanatlon follows from the representation of the mechanism of the )

' exchange of hydrogen as a process which proceeds through the preliminayy"dormhtdon
of onlum compounds. In the decomposition of these compounds 2 owing to the equiva.
lence of all atoms of hydrogen in the complex onium ioa, the hydrogen atoms split.
off with equal facility irrespective: of whether they were added by the rorma.tion
of the onium complex or had been present earlier.
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Hydrogen compounds of elements of the fourth group are unable to form onium
compounds with ions of hydrogen because free electron pairs are ebsent. Hydrogen
compounds of elements of the fourth group also have no tendency, es a rule, to dis-
scciate with the formation of hydrogen ions, and, therefore, hydrogen cannot be

exchanged with other hydrogen compounds, even those which easily form onium come .
plexes. .

However, in certein cases the exchange will take place. As G. P. Miklukhin
(2) succeeded in proving, the exchange will take place when substituents which
are capable of attracting electrons to themselves are present in a hydrogen com-
pound of carben. This phenomenon facilitates the formetion of onium complexes
and, consequently, the exchange of hydrogen.

By means of investigations with the aid of a radioactive isotope of bromine,
N. Ye. Brezhneva, S. Z. Roginskiy, and A. I. Shilinskiy (3) obtained extremely in-
teresting data on the variable activity of the bonds between carbon and bromine.
It was shown, for exemple, that the bond between bromine and cerbon found in a hy-

drocarbon chain is considerably more active than the bond between bromine and car-
bon in the benzene ring.

With the aid of a radioactive isotope of sulfur, a divergence in the proper-

ties of the two sulfur atoms was proven in the ion 5503 ~-. The "external" sul-
fur of the ion 5203 -- 1s closer to the atomic state than to the ‘state of the
ion S -- (4). ,

We mede en attempt to investigate the variation of the properties of bonds

to bromine by means of the exchange of one element for another in the same sub-
group of the periodic system. Employing a radioactive isotope of bromine to study
isotopic exchange reactions, we succeeded in obtaining certain new data which .
describe properties of bonds between these elements and bromine. We investigated
the exchange reactions of bromine in the systems bromine-tetrabromides of fourth
group elements (carbon, silicon, and tin).

The exchange reactions were conducted in sealed tubes. The bromide vas placed :
in the tubes, liquid bromine added, and the tube sealed. The liquid bromine was i
marked by an admixture of the radioactive isotope of bromine. The quantities of ]
liquid bromine and bromide were so calculated that there would be an identicel !
quantity of bromine atoms in each. The sealed tube was kept for a certain time ’;
at a speciiied temperature under thermostatically controlled conditions. Then !
cooled tube was opened and the free bromine removed either by suction or by passing i
a current of dry CO, over it. Both the free bromide and the bromine which com- ;
posed the tetrabromide were converted into silver bromide. Precipitates of silver

bromide were isolated for the measurement of activity. The results of the measure-
ments are presented in Table 1

At room temperature there was no noticeable exchange of bromine between the
carbon tetrabromide and the liquid bromine. At 100° there was discovered a weak
exchange of bromine, amounting to about 10% of complete exchange. These data
are found to be in agreement with earlier investigations of this system.(5).

In the silicon tetrabromide-bromide system no exchenge of bromine was dis-
covered at either 20° or 1000,

The tetrabromide of tin exchanged its bromine easily and completely even at
200 .

These results indicate a significant difference in the course of the isotopic
exchange reactions of bromine in the enumerated systems. However, the difference

between the carbon tetrabromide and the silicon tetrabromide is not sufficiently
clear.
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We propcsed to obtain new data which wcould characterize the properties of the
bonds of carben and silicon with bromine through the study of the exchange reac-
ti:ns of bromine between the tetrabromides of these elements and aluminum bromide.

As 1is known, molecules of aluminum bromide have a tendency to form complex.com-
peands with the compounds with the coordination number 4 for aluminum. A large num-
ber of complex compounds of aluminum bromide with various inorganic and organic
subhatances 1s known (6.7).

In ccmplex compounds, aluminum bromide shows definite polarizability, accord-
ing to the data obtained by I. A. Sheka (8) through the measurement of the dipole
moments of aluminum bromid~ in its compounds with various organic substances.

A series of phenomena brought sbout by the activating effect of aluminum bro-
mide in its ccmplex compounds contalning certain substances has been pointed out
(7). These properties of elumirum bromide show, as one might expect, that the
process of exchange will take place much more easily with aluminum bromide than
with free bromine. This is also pointed out by the data obtained by Brezhneva,
Roginskily, and Shilinskiy (3), from which it follows that aluminum bromide easily
exchanges 1ts bromine with certain organic bromine derivatives.

Addition to aluminum bromide renders unstable the bonds with bromine in the
other bromine compound and facilitates the process of exchange. The exchange
reactions between aluminum bromide and CBry or 8iBry also were conducted in sealed
tubes. Aluminum bromide containing a certain quantity of the radioactive isotope
cf bremine wes placed in the tube, the tetrsbromide Yeing studied was added in
an approximately equimolecular ratio, and the tube was sealed. The mixture wes
kept for a certain time in a thermostat after which the tube was opened and the com-
pcaents of the reaction were seperated.

The silicon tetrabromide wes separated from the elumixium bromide by digtil-
lation in vecuum. The carbon tetrabromide was separated from the aluminum bromide
by distillation in vecuum or by treatment with a dilute solution of nitric acid.

The bromine contained in AlBra, CBry, end SiBr), vas converted into silver
bromide. Egual Laliquot}] guentities of silver bromide were prepared for the
measurement of activity. The results of the measurements are presented in Table 2.

Ae 1s evident from the data in Table 2, a complete exchange of bromine takes
place in the GB4-AlBr3 system. In contrast to this, the bonds with silicon in
S1iBry are so innctlve that in the 91iBry-AlBry system no exchange of bromine could
be discovered, Just as in the 3iBxr}~bromine system. ! :

This striking difference of S1Bry from CBrl and BnBry in connection with
reactlons of the isotopic exchange of bromine may be explained by the combination

of properties of these brpmides and the structural peculiarities in their mole-
cules.

Evidently one reason for such week activity on the pert of the bonds between
bromine and silicon, in comparison: ' with the bonde between bromine afd car-
bon; is the possibility of the formetion between silicon and bromine of partly
double bonds as a result of the donor-acceptor relationship of silicon and bromine.
As distinguished from carbon, silicon is limited by no strict octet rule and can
also ewploy the d-orbits for the formation of bonds. Atoms of bromine , combined
with silicon by ordinary covalent bonds, seem to be donors of electrons in relation
to silicon and cen release to it one more pair of electrons.

A result of this 1s & decresse in the polarity of the S8i-Br bonds (Note: The
direction of charges in the coordinationbond S1-Br 4s opposite to what it must be in
the ordinary /valency/ bond between silicon end bromine) and a decrease in the rel-
ative weight of the ionic state which must be reflected adversely on the capacity
cf 81Bry for bromine exchange.
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Verification of tne correctness of the hypothesis worked out for the influence
cf the partially double character of the Si-Br bond on the process of exchange of
bromine in siliccn tetrabromide is provided by the date of Brezhneva, Roginskiy,
and Shilinskiy (3) on the virtually complete absence of exhange of bromine between
aluminum bremide and those organic bromine derivatives in which the bromine is at-
tachel directly to the carbon atoms of the benzene ring. In these compounds, the
C-Br bond 1s of partially double character (9), as distinguished from the alkyl
derivarives, in which the C-Br bond 1s single, and which easily exchange their bro-
mire with aiuninum bromide (Note: Here it ought to be noted that the dipole mo- .
ment of bromchenzere (1.52) is lower than the dipole moments of many monobr’omoa.lkyls).

Steric factors, which corditicn the value of the coordination number of the
central atom of bromides, must also exert a large influence. The most probable co-
ordination number for the additionm of bromine on the part of a molecule of silicon
tetrabromide is equal to 4, in which case a packing of maximum density results-

The icnic radius of silicon, found by Goldschmidt using X-rays, measurements )
equal to 0,394, and, calculated by Pauling from wave mechanics equations , 0.41a,
The radips of bromine, correspendingly, is 1.9 and 1.95A. The relation between
the radil of these ions, from the date of Goldschmidt, is equal to 0.199, and, from
the data of Pauling, 0.21. This ratio is the most advantageous.for the formation
of & compound with the coordination number L4, since theoretically the tetrahedron
formed will possess the densest packing when the ratio of the radii is 0.22 (10).

In carbon tetrabromide, the carbon has & radius which is somewhat shorter than
it should be for dense packing with a coordinetion number of 4 and, therefore N
carbon tetrebromide cen undergo thermal dissociation, which probably determines the
possibility of exchange with bromine.
‘_.,.*3 Passing from silicon tetrabromide to bromides of elements of the carbon sub-
i group with larger ionic radii, the exchange proceeds as a result of the formation

of complex compounds with a coordination number greater than L4 by bromides of these

elements., Therefore, the tetrabromide of tin easily exchanges its bromine with
free bromine,
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Table 1. Systems: Bromine-Bromides of Carbon, Silicon, and Tin

Activity
Duration of
Components Temp Interaction Bromium
of Reaction Physical State in °c in Min Compounds Bromine

CBr),-Brp Liquid 20 180 10 180

" CBry~Brp Homogeneous 1i-
quid and vapor 180 32 308

SiBr) ~-Brp Tdquid 0

S1iBr), -Brp Homogeneous 11i-
. quid and vapor 0

SnBry, -Br2 Liquid £0. 6k

‘Table 2. Systems: Aluminum Bromide-Tetrabromides of Carbon and Tin

Activity of Bromine

from from
System Physical State RBr), Alpry
CBry -AlBr3 Liquid | 203 211
CBr)-AlBr3 Liquid 32k

SiBry-AlBrj . Liquid 3
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